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FOREWORD

In recent years Reeds Creck and other wesiside watersheds have come under increasing pressure
Frotn urbanization, livestock grezing, road building, gravel mining, agriculture, and wildfires. The
reliance on wood heating has dramatically increased the harvesting and clearing of oak
woodlands,

These changes have increased erosion and turbidity, affected water qualicy and flooding, and
changed the local ecology.

The study includes maps showing geology and landslides, soils, vegetation and land use, and
erosion hazards in the watershed. It documents significant changes in land use, channel
morphology, mrbidity, and sediment wansport

Recommendations are presented for reducing crosion, improving grazing and wildlife habitat.
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REEDS CREEEK #ATERSHED

INTRODUCTION

The Reeds Creek watershed lies in Tehama County directly west of Red Bluff in the northern part
of the Sacramento Valley (Figure 1). It has a basin area of about 75 square miles. The creck
heads in the low foothilis west of Red Bluff ac 1,100 feet clevaton. It flows easiward for 22
miles, entering the Sacramento River two miles upstream from the Red Bluff Diversion Dam
{Phowo 1).

Prior to sertlernent by Spanish and European immigrants in the mid-1800s, this watershed was &
pristine cak woodland with the natural canopy cover ranging from 10 1o 106} percent. Since then,
the major land uses have been livestock grazing and fircwood cutting on the upland oak woodlands
and limited dry land and irrigated farming on the flat valley bortoms. Between the mid-1940"s and
1930°s, large portions of the watershed were cleared of vak wees w improve grass cover and
establish cultvated fields. In recent years, large blocks of vak woodland have been harvested to
provide commercial firewood for export. Much of this cutting is occurring in the upper watershed
where slopes are moderately steep, Presently 77 percem of the basin area has been clearcut. Most
of the remaining area has been selectively cut There is little vak regeneration on most of the cut-
over lands, The Deparmment of Water Resourves (DWR) and numerous regulatory agencies ane
concerned about the possible effects this oak harvesting has on watershed erosion, forest ecology,
channel stability and warter qualicy.

Purpose and Scope

The purpose of this report is to compile and anzlyze the available information concerning erosion,
slope stability, and water quality in the Reeds Creek Watershed. The scope of the study consisted
of compiling the available data and noting the crosion o¢curring in the watcrshed.

This report is organized into three parts. PART I includes the Introduction, Summary, Conclusions
and Recommendatons. PART II, Watershed Characteristics, in¢ludes the geology, soils,
hydrology, vegetative cover and historic land use. The geology was compiled from published
mappirg by the California Division of Mines and Geology (1977) and the U.S. Geological Survey
(1984), The spils informaton is from the Tehama County Soil Survey (SCS, 1967) and was
enlarped to 1:24,000 scale to match the other data, A mosaic was made from 1938, 1974, 1¥88
and 1990 photographs to evaluate changes in historic vegetative paterns. PART III, Watershed
Observations, discusses turbidity sampling, channel chanpes and slope failures. An Instabilicy and
Erosion Hazard map was compiled using slope class information, observations from vertical and
oblique air photos and field studies. The mrbidiry measurements mads berween 1986 and 1990
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refllect the current water quality conditions and wers used w idendfy high sediment prodocing
areas.  Ag-built plans at bridge sitef were msurveyed to document strearn channel changes.
Fourteen of 27 HEC-2 (ross-sections near the mouth of Reeds Creek (DPWER, 1987 wene also
resurveyed to examine channel changes in that soeam reach.

Photo 1. The confluence of Resds Creek and the Sacramento River during the summer
of 1986 was choked with sediment. The sediment stored here was the result of
Lake Red Bluff backwater effects. The present operstion of the dam includes
raising the dam gates during winter months, allowing for the natural flushing of
sediment into the Sacramento River, although a large amount of sediment sdll
remains in the channel,
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Previous Studies

The 1wo sources of regional information available for this ares are the U.S. Geological Survey's
Red Bluff peologic map sheet (USGS, 1984) and the Soil Conservation Service’s county soils
descriptions {SCS, 1967). Site specific repents include the L5, Burean of Reclumation’s
investigadon of the backwater effects of the Red Bluff Diversion Dam on lower Reeds Creek
(USBR, 1970, 1985). In January, March, and December 1983, flooding along 1he sream initiated
the "Reeds Creek Flood Smdy” (DWR, 1987). That study incloded 27 cross-sectons along the
\owar mile of the stream. DWE insialled a steam pape 2.5 miles upsmeam from the mouth to
monitor discharge. Data have been collected at that site since 1984, The only other site-specific
sechnical information available are a foundation report for a proposed bridge on Paskenta Road
(Hill-Harned & Assoc., 1973) and Calrrans and the Tehama Coonty Road Depariment as-built
plans for seven bridge crossings.



SUMMARY AND CONCLUSIONS

Reeds Creek is in the northwestern part of the Sactamento Valley, in Tehema County, Califormia.
The 75.2 square-mile basin drains an area that has been extensively altered by human activines,
including urbanization, dry land farming, grazing and cak woodland harvesting. Some of the
impacts of thess changes include increased erosion, murbidity and sedimentation, reduced water
quality, and destruction of oak woodland habitat.

D'WR began this study by compiling the geology, soils, vegetation and land use maps. We then
made a detailed weatershed reconnaissance to map erosion sites and landslides. Turbidity samples
were collected during high flow events.

Geologic and soils units were rated according to landshide and erosion susceptibiliy. An
“Instability and Emosion Hazard" map (Plaee 4) shows the unstable and erodible areas of the
watershed.

The following are conclusions resuling from the invesdgation:

1. Seventy-five percent of Reeds Creck basin is underlain by the Tehame Formation. In the
waiershed, the Tehama consists mostly of moderately consolidated clay and silt with minor
sand and gravel lenses. The formation underlies low relief hills and broad ridge tops that have
a moderate crosion hazard, Steeper areas are susceptible o rill and gully erosion and have
a high erosion hazard. Because of the predominance of fine-grained material, storm runoff
from eroding arces are typically highly mrbid.

2, Most of the remaining basin is underlain by Quaternary 10 Recent sir¢am emaces and Recent
alluvium in flac steam valleys that have a low erosion hazard. Most of the erosion and
sediment vicld from these units are from near-vertical stream banks cut into the werraces.

3. After the mid-1940s, about onc-half of the warershed was converted from osk woodland to
open grassland for grazing. Since then, open grassland acreage has increased 10 about 77
pereent of the basin, An addidonal 3 percent has been urbanized. Oak woodland has
decreased from an estimated 90 percent of the basin before setlement by Europeans, to about
53 percent in 1958, and to 20 percent in 1990. This has resulied in a major loss in wildlife
habitat.

4. Reeds Creek stream turbidities are abnermally high during winter stormflows. It is clear that
grazing, oak harvesting and road building have increased steam tuebiditics, sediment yield and
peak discharges over historic levels. However, there are no recorded data to show how much,
Turbidity and suspendsd load will continue to incroase In Msponse to heavy andfor prolonged
rainfall and poor land use practices.

5. The soils can be divided into three slope classes that, along with gully densicy, landslides and



geology, define the relative erosion hazard rating for the basin (sec Flaw 4. The major (ypes
of erosional processes in this basin are probably rill and gully erosion with some sheet erosion
(SCS, 1979). A few landslides occur. Accelerated erosion ovcurs as rills and gullies o
overgrazed areas, as rilling on unvegetated road and stream hank cuts, and as gullying
downslope of road drainage ditches.

6. The National Weather Service maintained howrly precipitation information at the Red Bluff
airport, just south of the watershed, undl 1987, Some of that record wus coincident with data
gathered at the Wilder Stream gage. These dara were used 10 compile the unit hydrograph
(Figure 6). Flooding in response to intense rainfall is common in the creek’s lower five miles.
Peak runoff is increased because of the relatively impervious zoils underlying most of the
basin. The flooding is exacerbated by the equivalent length of the three major wibutaries--
Lizs, Reeds, and Pine Creeks-- resulting in the arrival simueltaneous flood peaks in the lower
hasin. '

7. One prediceable effect of the intense grazing, compaction and vegetation removal is a higher
peak discharge.

Photo 2. Seventy seven percent of the basin has been clearcut Jeaving only scattersd
blue oaks.



RECOMMENDATIONS

Recommendations are divided into ranpe management and crosion control caegories. These
recommendations are general, are not intended to be all-inclusive, and are not applicable to all
situations.

Range Management

Thers are numerous new ideas and methods for dealing with ocak woodland range management
(Mark Parsons, 1.5, Soil Conservation Service, Personal Communicatdon). Land managers tend
to agree that wholesale removal of cak from rangeland is a poor management practice. The
number of leave trees recommended for osk woodland 0 grassiand conversions are now
considerably higher than in the past Oak canopy cover of 30-50 percent is an ideal compromise
between range and wildlife benefits. Deer, quail, squirrel, wild turkey, feval pigs and a host of
others consume acoms and vse pak habitat. We now meognize the wildlife benefits of oaks for
nesting, as a food source from the acorns and ouk leaf browse, and for shade. About half of the
aroms are consumed by range animals, providing a valuable feed supplement to cactle and sheep.

There is also some controversy regarding the emoval of caks from the drier, less fertile sites.
Some range managers believe that nak removal in these cases will acmally decrease forage
production, since soil richness and meisture holding capacity is generally higher under the mees
in these spil types. Rescarch has also shown that the increased forage production on cleared lands
drops off or disappears after about 15 to 20 wvears. DWER recommends further research in the
northern Sacramento Valley on this subject.

The UU.5. Soil Conservation Service now recomroends a "Holistic Range Management” approach
(Mark Parsons, Personal Communication), This approach includes managing for multiple resource
values, such as range, oak fimwood production and wildlife. Grazing is controlled using cross-
fencing. This allows the owner to uniformly graze the tange while providing adeguaie rest to
prevent avergrazing. Fencing o exclude livestock is also recommended for sensitive riparian ansas
or rilled and gullied eroding areas. The approach also mecommends adequate residue 0 reduce
erpsion. Livestock should be removed from open range by the end of April or sooner, Soil
compaction should be carefully monitored. Compaction will reduce suil productivity and increase
runoff and downslope crosion. The stock that remains in the valley during the summer should be
pleced in feedlots, permanent pasture or paddocks to prevent excessive Tange damage.



Emsion Conrol

A number of the above rangeland management methods are effective for erosion control. These
include selective fencing, residoe management and conirolled grazing. Stock should be dispersed
by providing water away flom riparan areas. Trees should be lefi in gullies and on steep
sideslopes when converting oak woodland to grassfand. Dryland farming, pardcularly discing,
should be confined w flat areas such as floodplains and terraces.

Roads in the basin are a serious source of sediment. Erosion control methods will vary depending
on the type and use of the road. Seasonal roads should be outsloped and provided with rolling
dips to provent concentration of runoff, Surfacing should be provided whenever possible. Roads
should be built when soil moismre is at an opimum for road compaction. Cuis and fills should
be mulched and reseeded. Unstable and erodible ground should be avoded, and, whenever
possible, sideslopes should be avoided by placing roads on ndges and m valleys, Maintenance,
particularly of drainage control devices, is important  Drainage should be diverted and dissipated
in sensitive areas. Riprap should be placed in downdrains and eroding gullies below concentrated
runioft,
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GEOLOGY

Reeds Creck lies within the Sacramenty Valley, in the Jrear Valley Geomorphic provines. The
provinge extends throughout the Great Cental Valley of California.  Most of the rocks and
deposits are sedimentary, ranging in age from Upper Jurassic to Recent.

The Crest Valley province is a 400-mile-long by 60-mile-wide sedimentary basin between the
granitic and mewamorphic errane of the Sierra Nevada and the metamaorphic Coast Ranges. The
basal tocks are Upper Jurassic to Upper Cretaceous marine sandstone, shale and conglomerate of
the Great Valley Sequence. The Great Valley Sequence was deposited in the western continental
forearc basin during the Middle to Late Mesozoic. Younger deposins consist of sedimentary and
volcanic deposits of Tertiary and Quaternary age, such as the Tehama Formation, the Nomlaki Tuff
member and the Red Bluff Formation. Quaternary alluvium, terrace and lendslide deposits cap the
§CUCnCE,

Structurally, the Great Valley Sequence is an asvmmewmic southerly plunging syncline, with a
steeply dipping western limb and a gently dipping eastern limb. Along the west side of the valley,
the Great Vallev Sequence has been uplified o form a series of northwest-wending, steeply
eastward dipping ndges.

The peomorphic provinces surrounding the Great Walley inclede the Coast Kanges, Klamath
¥ouncains, Cascade Range, and Sierra Nevada,

West of the basin, the Cosst Ranpes province consists of rocks and smuctures rnging in age from
Jurassic 1o Tertiary. Together, the graywacke, metagraywacke, shale, cher, limestone, mahe and
uloamafic rocks make up the Franciscan complex. The Franciscan complex is commonly
characterized by zones of extensive sheering, folding, fauling and the presence of
ophivlite/serpentinite melanges.

Along the castern flank of the Coast Ranges, the Franciscan complex rests smucturally beneeth,
andfor fanlted against, a fragmental assemblage of ulramafic rocks, This sequence of units, called
the Coast Range ophiolite, consists of middle o late Jurassic oceanic crust and upper mantle, One
of the more complete ophiolites oceur abow 10 miles south of the basin along South Fork Elder
Creck (Sucheckd, 1984). North from Elder Creek, the Coast Range ophiolice narrows and then
terminates. The Coast Ranpe ophiolite forms the basement beneath the scdimentary rocks of the
Great Valley Sequence.

Northwest of the basin, the Klamath Mountains province ranges in age from Paleozoic to Jurassic.,
1t consists of several well-defined mountain ranges, including the Trinity, Marble, Scott, Trinity
Alps and Salmon mountains. These mountains comprise 2 seres of nomhwest-rrending
metamorphic mmanes separated by major fauls. Each terrane differs in age, stradgraphy, and
1ectonic deformation, Larpe bodies of inusive rocks occur throughout the provinee.
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Most of the dominant structural feamires in the Klamath province can be related to Pre-Cretaceous
subduction, The exact sequence and tming of the Pre-Cretaceous subduction is stll unclear, but
it is postulated that subduction oceurred during a later episode of the Nevadan Orogeny, which was
cesponsible for much of the Sierma Nevads deformation (Ingersoll, 1986). Faults along the margins
of the Klamath terranes most likely represent old subducbon zones where rwo crusial platas, or
parts of a broken plate, converged 10 create the separare and disdnct terranes.

Mortheast of the basin, the Cascade Range is o 30{)}-mile sequence of volcanoes extending fromm
Mount Lagsen 10 Mount Garibaldi in Bridsh Columbia. Rocks of the California Cascade Range
are predominaely volcanic rocks of grear varety and form,  In nonhern Californda, Upper
Cretaceous and Bocene sedimentary tocks are at the base of the sequence. These are overlapped
by Upper Eocene volcanic rocks of the Western Cascade series and Quaternary-Tertiary pyroclastdc
rocks and flows, Northwest of Mouont Lassen the Upper Pliocene Tuscan Formation rest directly
an Cretacecous and Eocens sedimentary rocks.

Tectonically, the Cascade volcanoes arc the product of the aetive subduction of the Gorda plate
{California}, and the Juan de Fuca or "Cascadia’ plate (Cregon) beneath the North Amersican plate.
Since the deposition of the Nomlaki Tuff moember of the Tehama Formation {3.4 mybp), volcamic
activity has ocourred intermittently alang the southern Cascade Range (Harwood, 1987).

The Sierma Nevada lies 1o the east, 5 abour 40K} miles long, and ends o the north near Lassen
Peak. The rocks of the province are of diverse composition and age, but consist mosdy of igneous
and metamorphic units, Soucturally and tectonically, the Sierra Nevada region 18 very complex.
Some structural deformation dates back 300 million years or more, and is atributed o Paleozoic
and Mesozoic subduction,

Crealogic Linits

Plate 1 shows the geology of the Reeds Creek watershed. The Tehama Formation is the major
geclogic unit that underlies the watershed. This formation is semi-consolidated and typically fine-
orained. These rwo characteristcs influence the general topography and largely determine the
natural crosion mies,

Table 1 shows the percentage of cach geologic unit in the basin, The predominant surficial umt
iz the Tehama Formation underlying 77 percent of the basin, Terrace deposits underlie an
additional 22 pereent, and Alluvium about 1 percent. The Nomlakd member of the Tehama
Formadon (Tm), Great Valley Sequence mudsione (Kms), and landshides ((}s) make up less than
1 percent of the basin,

12



Great Walley Segquence

The Great Vallev Sequence (GVS) crops out in one small area near the upper end of the basin.
Extcnsive exposures occur along the Sacramentn Valley's west side. Here the sequenee consists
of interbedded sandsione, conglomerate, and mudstone. The bedding dips cast and swikes north-
west, fopming long lincar ndges and valleys.

TABLE 1
Areas and Percentages of Geologic Units
T

(zeclogic Unit Basin Area Basin
{s4. miles) Percentage

Great Valley Sequence{GVE) <), 1 <.l
Tehama Formation {Tee) e T
Nowlaki member (Tn) <01 =01
Red Bluff Formadon  (Qrb) ! 3
Upper Riverbank Fm  (Chu) 0.0 12
Lower Riverbank Fm  {(Qrl) 2.2 3
Upper Modesio Fn (Qmu) 0.5 1
Lower Modesto o (Qml) 2z 3
Quaternary Alluvium  (Qal) (1.5 1
Landslides =0.1 <(1.]
Tonal 75.2 LoD

In the Reeds Creek watershed a small outcrop of GVS Cretaceows mudstone (Kms) has been
exposed by erosion of the overlying Tehama Formation. This outcrop was not studied since 1t
represents such a minor percentage (<001 percent) of the basin amea

Tehama Formation
The Plio-Pleistocense Tehama Formation (Tte) underlies 77 percent of the waershed  Regionally,
the Tehama Formation is composed of fluvial sedimentary deposits of semi-consolulated pale-

green, gray and tan sand, tuffaceous sand, silt, and clay. The formaton has scatiered,
discontnuous lenses of gravel. The clast lithologies indicate chat they wens derived from the Coast
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Ranges and Klamath Mountains to the west and northwest (Russell, 1931}, The formation has a
low regionsl dip towards the cast and the Sacramento River. The Tehama becones finer away
from the mountains of origin, Photo three shows a typical exposure of the Tehama Forration.
Tn general, the Tehama Formetion forms rounded hills with moderate relief and has a thin soil
cover. Along streams, exposures form 20- w 6{0-foot high verical bluffs. Cutbanks with 1:1 and
stegper slopes are normally stable but erodible.

Numergus outcrops of Tehama Formation were examined throughout the basin. Exposures consist
of tan- 1o buff-colored semi-consolidated sand, silt and clay ocouwring as massive units ranging
from 5 to 40 feet thick. Spamec gravel lenses with a clayey or siity mamix veeur. The overall
appcarance of the Tehama Formation is typically fine-grained

Soil erodibility depends on composition. Predominantly silt outcrops are more erodible than sand
or clay, Silt does not have the cohesion typical of clay, or the permeability typical of sand.
Extensive pullying occur in parts of Brickyard Creek underlain by silt

The minor gravel lenses do not appear to affect the peneral erodibility or slope stability.

Nomlaki Tuff Member. The Nomlaki Tuff Member (Tin) is a Pliocene, white w light-gray dacite
pumice mff and lapilli wiff that ocours near the base of the Tehama Formation. The bedding
probably conforms with the shallow eastward dip of the Tehama Formadon. The member is a
massive, non-layered volcanic ash thar forms resistant verdcal banks along sreams and gullics,
Maximum thickness is approximately 30 feei. In the upper watershed there arc two small
outerops, comprising less than 0.1 percent of the basin,

Red Bluff Formation

The Pleistocene Red Bluff Formation ((Qrb) makes up three percent of the watershed. Regionally,
the Red Bluff Formation is a coarse pravel deposit with a brick-red clayey matrix. This formation
originally formed on a regional gently inclined erosional surface, or pediment, on the Tehama
Formation. Erosional remnants of the Red Bluff crop out along the western headwaters, along the
ridge that forms the southern boundary of the watershed and in the ¢ity of Red Bluff.

Along Ridge Road, the Red Bluff Formation consists of gravel with a reddish clayey matrix. The
low arcas in places contain either more recent deposits or the underlying Tehama Formation.
These have not been differentiated. To the east along Live Oak Road, the color is redder. Most
of the coarse fraction is gravel-sized with a few larger clasts, Hardpan occurs locally.

In the City of Red Bluff and in the Brickyard Creck basin, the formation may be as thick as 30
feat and contains larger clasts than elsewhere in the watershed.

14



Terrace Denosits

FEeeds Creek and its major mbutares have developed a set of wmace levels fanking the stream
channels. These rerraces smair-step in clevadon away from the acrive channel, with the upper
tarraces the oldest,

Terrace deposits are rypically complexly intertwined, and sach mapped terrace may have several
minor deposits of different age and elevaion associated with i, These are wypically not
differentiated.

The four Pleistocens terraces that occur in the watershed are the Upper Riverbank, Lower
Riverbank, Upper Modesio and Lower Modesto., These terraces have been comelated by their
ahsolile age, soil sratigraphy, seomorphic expression to the Riverbank and Modesto Formations
of the San Joaquin Valley (USGS, 1934),
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Riverhank Formation. The Pleistocens Riverbank Formation has been divided into an upper and
lower meinber. The lower member ((Qrl) is lithologically similar to the Red Bluff Formation and
has nearly the same red color. It consisis of gravel, sand, silt and clay, Tt occurs on the higher
of two flat lerraces that bave been cut and filled into the surface of the Red Bluff and/or Trhama
Formations and comprises 3 percent of the watershed.

T'he upper member (Qru) is the youngest and comprises 12 percent of the watershed area, Tt
formed during a long peried of stable climatic conditions. This member gcours as extensive fat
stoam terraces along the major mibutares of Reeds Creek, A typical outerop consisis of 8-10 fear
of tan to light brown sandy silt underlain by 1-3 feet of pravel and scatered rocks up to eight
inches in diameter. Soils of the member display medial development with strong (exemres. The
soil contains a B-horizon and local hardpan bue profile developrent is not as great as on the lower
membar.

Modesto Formagon, The Modesto Formation bas also been divided into an uppet and lower
member,  The lower member (Qml) is the youngesi leerace that hes a pedogenic B-horizon.
Terraces display fresh depositional morphology with few crosional featres, The formaton oCours
in the upper teaches of some of the wibwaries and is found stair-stepped pelow the Riverbank
Formation along the lower reaches of Reeds Creck.

The Upper Modesto (Qmu) does not bave a soil horizon. This unit hoders existing channels and
is penerally less than 10 feat chick. It 35 composed of gravel, sand, sili, and clay and comprises
gbowt one pereent of the watershed area.

Surficial Deposits

Surficizl deposits in the Reeds Creck watershed include Quatermnary alluvinm end landslides.
Together, these 1wo units meke up less that one percent of the basin.

Alluvinm, The Quaternary alluvium {Qal) occurs in the active sooam channel. The only place thas
deposit has appreciable depth and width is in Burr Valley and along the lower 2-3 miles of the
cresk. Alluvium oceurs as loose, unconsolidated sand and pravel in the actve stream channel and
as sand, silt and clay with minor lenses of gravel on the floed plain adjacent o the active channel.

Landslides. Mappable landslides are rare in the Reeds Creek watershed., Analysis of 1988 aeral
photographs revealed no large-scale slope failures or landslide deposits, Field surveys and analysis
of 35mm color slides flown at 3,000 and 6,000 feet show that scatered, small-scale landslides
oecur, mostly near the crests of ridges above elevation 700 feet where the telief is stecper, These
lapdforms have been plotted with the larger sreas of actively eroding headeuts. One area on the
north side of Brickyard Creek contains several large canthflows (Fhoto I
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Fhoto 4. Upper Riverbank Terrace deposits such as ibis (errace in Burr Valley, are
COMTITIC.

Ceclogic Soucture

The main geologic smucture in the watershed s the slight eastward dip of the Tehama Formadon.

The Tehama is wndeclain eocontormaebly by Grea: Valley Sequence rocks that dip steeply 10 the
2ast.

The Red Blulf Fawl is 2 subsurface feature that extends northeast and southwest from Red Bluft.
The location in the Beeds Cresk basin is taken from Harwood and Helley (LUISGS,1987) and is
based wpon propoietary subsurface data. They report that there are no surface features that can be

asszociated unequivocally with the fault even though there may be as much as 430 feer of
subsurface vertical offset, south side down,
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Tectonle Setong

The Reeds Creek basin is in the nonhwestern part of the Sscramento Valley in the Great Valley
Georrorphic province.  This province includes z thick sequence of marine and continental
sedimentary rocks in a large, elongeted northwest-rending seuciural rough, The rough is floored
with basaloe and uliramalic oceanic crust and racde. Ape of the deposits range from Jurassic o
Recent. The rough is a region of relative tectonic stability that has persisted in approximalely its
present structural form throughout mest of Cenozoic time.

Photo 5. A large area of landslides occurs along Brickyard Creek in the Tehama Formation,

Plare wectonics have plaved a major role in ihe eetonic development of California. From late
Jurassic w mid-Teriary, the 2astern Pacific oceanic lithosphere (Farzllon plate) was subducted
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beneath the western margin of the North American conrinengyd plate, This subduction resulted in
the formation of an arc-trench system that included an accredonary prism, a forearc basin, and a
voleanic-plutonic magmatic are. Today these lerranses ane represented by the Francisean complex,
the Grest Valley Sequence, and the Elarmath and Sierran plutonic/metamorphic belg,
Throughout Cretaceous fime, rocks eroding from the surrounding plutonic and metamorphic belts
wert deposited by submarine turbidity currents into the deep foreare basin,  These sediments, the
Great Yalley Sequence, contnued 10 accumulate, Tilling the foreare basin t0 near sea level by
Paleopens. During this same period, ocean floor and trench deposits of the Franciscan complex
were being dragged down by the Pacific plate, and underthrose in 2 wedge against the continental
margin and beneath the Great Valley sedimenes (Ingersoll, 1983). As more oceanic material were
deposited beneath the continental plate, the scerctionary wedge increased n size.  Subsequent
underthrusting resulied in the sediments of the forearc basin to be uplifted and dlted to the south
and east (Harwood and Helley, 1987).

Marine depositon and subducdon of the eastern Pacific oceanic lithosphere beneath mainland
California continued throngh Oligocens time.  As subduction ceased during mid-Terdary, uplift
became more rapid and the maasidon o 8 swike-slip regime began offshore in southern California.
This transition led to the formatdon of the San Andreas mansform fault.

A3 the San Andreas fault evolved, a miple junction between the Pacific-Farallon, North Amencan,
and Gorda lithospheric plaes began o develop and migrare slowly northward. During this period,
the Great Valley experienced several episodes of uplift and subsidence, undl by early Mincene,
most of the nonhern valley had emerged from the inland seas and was subjected to fluvial erosion
and deposition (Hardwood, 1984). Concurrently, volcanic sruptons were occurring along the
northern Sierra Nevada, dammiog seeams and filling narrow valleys.

At gbout the same time, exiensional forces from behind-the-arc spreading east of the Sicma Nevada
reached their peak. Thesc forces are responsible for the rapud uplft of the Sierra Nevada,

By early Pliocene, the Mendocino Triple junction had miprated nerth approximately o Poing
Arena. Ewidence suggests that as che wiple juncdon continued 10 move northward offshore,
structures in the valley began to simultanepusly exhibit compressive deformation along a similar
northward-progressive pattemn (Harwood, 19840, Bepginning with acdvity at the Sutter Buttes (2.5
mya) and continuing to the recent actvity in Battle Creck Fault region (1.3 mya), the progressive
northward pattern of valley deformation correlates with the ladmdinal posifoning and late
Cenozoic movement of the Mendocing triple junction.

Presently, the Gorda plate is subducdng beneath the North American plate.  Activity associated
with this movement can be seen in the surface folding, faulting and uplift of the northern Coast
Ranpe, and in the 152-mile long zone of imermediate-focus earthquakes dipping eastward below
the Morth American plare. Beneath the basin, several intermediate and deep-focus microseismic
cvents cormelate with the Gorda plate subduction (Cockerham, 1984; Waler, 1986).
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Presently, the northern Sacramento Valley lies between the large-scale right-lateral ransform
tectonism of the San Andreas fault wo the west, and the major east-west crustal exension of the
northern Basin and Range province to the cast. The current state of compressional siress is a result
of tegional forces manifesting their stress regime upon the valley, mather then localized forces
originadng within the valley, The direction of stress may vary locally, but in generd, the direction
of maximum compressive siress is approsamately northeast-southwest.

Evidence of this stress regime manifest iself as a series of northwest oending folds and faults
along the western Sacramento Valley. The fanles dip steeply cast, with reverse and minor left-
lateral movernent. In the north and northeastern valley, the structural trend shifts and, folds and
faults become oriented in a more east-to-northeasterly direction. These faults typically dip steeply
to the south, with normal offset and minor rght-lateral movement.

Recent studics suggest that wplift along folds paralleling the western valley is active, and may
represent the shallow expression of decper thrusting. Interpretation of seismic reflection data
(Unruh, 1990} indicates that these folds are due to actve thrusting along a very large miangular
wedge of rocks. This imbricate zone of detachment faults may represent the boundary henween
the rocks of the Coast Ranges, Great Valley, and Sierra Mevada. Additonal evidence presented
by Wong (1988), Stein (1989) and Wentworth (1990, suggests that this zone of fawlong
{comrmonly refermred w as the Coast Ranges-Sieman Block boundary zone) extznds the full length
of the western walley and is most likely wsponsible for the owo 1982 Winteos/Yacaville
carthguakes (ML &-7) and the 1983 Colinga earthyguake (ML 6.7},

The Great Valley Sequence rocks were deposited in a subsiding contnental foreare basin during
the middle to late Mesozoic. By the Pliocene, these rocks had been regionally tlted and had gone
through several cvcles of uplift and erosion. During the Pliocene, condnental sediments of the
Tehama Formation were deposited as large coalescing alluvial fans over the GVS sedimencary
rocks at the foot of the cmerging Coast Ranges. The Nootaki Tuff Member, which occurs locally
at or nesr the base of the Tehama is an ash fall from voleanic eroprions thac blanketed much of
the northern valley about 3.4 millipn years ago.

Eventually the Tehama Formation covered the GVS with sediments to a depth of 0-230) feet on
the croded surface of the tited GVS rocks (ESA, 1980). Subsequent ernsion and redeposition have
formed the outcrop patterns of geologic units, Fluvial processes have formed the rerrace and
alluvial deposits as they appear (oday,
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SOILS

Soil i3 o thin layer that forms on the earth's surface as a result of five sml-forming factors:
climate, relief, organic content, parent material, and fime. Soil is the main storehouse for plant
numients, the cssential medivm of plant growih, a major cepository of water, and the physical
support for plants, The health of the soil in large part determines the health and vitalicy of the
vepetation il can support. In the Reeds Creek watershed, the health of the soil and vegetadon is
the first line of defense against 501l detachment and erosion.

Soils Units

Plate 2 shows the arcal distibution of soils and lists the slope and capabilicy class of cach soil
upit. The soils mapping was done by the U5 Departroent of Agriculture, Soil Conservaton
Service (5CS, 1967 un agnal phowgraphs. Each soil shown on this map is either & soil serigs or
& eoil complex. The soils of a soil series have the same thickness and major subsurface honizons.
A soil complex is a collecton of soil types too inmicately mixed or wo small w map separately.
They are desipnated by a hyvphenated name, such as the Nacimiento-Newville Complex.

The soils are classified further using slope and capability classificadons. The slope is determined
by field survey and acrial photographic interpretation. The capability classification shows, in 4

generz] way, the suitahility and limitations of the soil groups for farmming.

In the capability system, the nature of a soil is described at three levels; the capability class, the
suebelass, and the unic These three are discussed in the following paragraphs.

Capability classes, the hroadest grouping, are designated by Roman numerals T thropgh VIL
These numerals indicate progressively preater limitations for practical use in farming and are
defined as follows:

Class I soils have few limimtons that reswict their use.

Class IT soils have moderate limilations or require moderate conservaiion practices.

Class [1 soils have severc limitations, require special conservation practices, or both.

Class I'V soils have very severe limitations, require very ¢areful management, or both.

Class ¥V soils are subject to little or no erosion but have other limitations, impractical to
retnove, that limic their use largely to pasture, range woodland, or wildlife habitat.

Class W1 s0ils have severe limitatons that make them penerally unsuited to coldvation
and limit their use largely 1w pasture, range, woodland, or wildlife habaal
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Class VI soils have very scvere limitations that make them unsuited 1o culivation and
that restrict their use largely to pasture, range, woodland, or wildlife habitac

Class VIII soils and landforms have limitations that preclude their use for commercial
plants and rescrict their use to recreation, wildlife habitat, or water supply, or to
esthetic purposes,

Capability sub¢lasses are used to indicate additonal information within one of the classes above.
They are designated by adding a small case leter e, w, 5, or ¢, to the class number and are defined
as follows:
¢ shows the main Gmitation is a risk of erosion unless close-growing plant cover is
maintained.
w shows that water in or on the soil surface interferes with vegeradve growth.

§ shows that soil is imited bevauose 1t 15 shallow, dry, or stony.

¢ not used in this survey area, shows the main limitaton is a climate that 15 100 ¢old
or tog dry.

Soils within the subclasses are further divided by capability units, They are given Arabic numbers
and indicate the main limitation that is responsible for the placement of the so0il in the capability
cless and subclass. Capabilicy units are defined as follows:

0. A problem or limiation ceused by very gravelly malerial in the subsurface.

1. An erosion hazard, actug] or potzndal.

b

A problem or limitaton of wemess because of & high water table, seepage or
flpoding.

3, A problem or linitadon of slow permesbility of the subsoil.

4. A problem or Bmitation cawsed by coarse soil texture or excessive gravel.
5, A problem or limitation caused by fing soil texnre.

6. A problem or limitation cavsed by salt or alkali.

7. A problem or limitation caused by stones or rock outcrops.

£, A problem or limitadon caused by shallow depth of soil over bedrock.

3, A problem or limitadon caused by low ferplicy.
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An example of the his sotl classification system shows that a soil that is classed as "Vie-3" is a
goil with severe limitations making it unsuitable for cultdvation. At least part of this unsuitability
is a result of the slow permeability of e subsoill and alcthough this soil is generally better suited
to grazing, or wildlife habitat, than w other uses, overgrazed arcas are susceptible 1o erosion.

Table 2 lists the basin area and percentage of cach svil unit. It shows that the Newville Series
soils make up 57.3 percent of the basin, the Nacimiento-Newville Complex makes up 15 percent,
and the minor s0il groups make up the remainder. These three groups are discussed below:

Newville Series

The Newville Series consists of 10 mapped soils comprising 57.3 percent of the watershed, Some
of these soil units are in cxcess of 500 acres in size, This soil type is formed on the Tehama
Formadon which undeelies the rounded hills between 300 and 1,100 feet elevaton. In general, the
surface soils are brown to vellowish brown, slightly acid and gravelly. The subsoil is a brown to
reddish brown, slightly acid o neutral gravelly clay. The gravel content is higher ihan the
underlving parent material because of weathering and selective erosion.

About 10 percent of this soil unit is Newville-Dibble Complex. These soils are typically pale
brown, medivm acid, and range in composidon from siley loam o silty clay loam. They &re
moderately 1 well-drained with slopes from 10 10 30 percent. Runoff rends to be slow o medium
where the soil has heen left undismrbed, The surface is mosdy well-dmined but slow permeability
in the subsurface layers has given these soils an "e-3" capability limitation. Erosion hazard is
generally slight to moderate. Excessive grazing on steep slopes cavses sheet and gully erosion,

Two woils of this series, the NrE and NrE2 oceur on 30w 5 percent slopes in he nofthwestern
one-third of the watershed, mostly in the Pine Creek drainspe. The capabilicy class is ¥le-3.

These soils have rapid runoff and a severe crosion hazard radng.

Nacimienp-Newville Complex

About 15 percent of the mapped area is Nacimicnto-Newville Complex. The complex may consist
of 40 to 60 percent Nacimiento silty clay loam or Nowville gravelly loam in any one area, These
spils formed from Tehama Formadon parent material and oceur along ridge tops in the watershed.
Slopes range from 10 to 30 percent.

The surface soil is a light hrownish gray to pale brown silty clay loam. The subsoil is light gray,
calcareons silty clay loam. Generally the soil is well drained, runoff is medium, permeability is
slow, and the erosion hazand is moderate on these soils, Capability classes are T¥e-3 and Yie-3.



TABLE 2
Soils Units: Areas and Percentages

Basin Area Basin
Soils Mapping Unit {5q. miles) Percentage
Alwmont clay, termace Ach A i)
Afiit clay, moderately desp Af 1 1%
Arbuckle grevelly fine sandy loam Au A S %
Arbuckle gravelly loam Av A .B 1.7 23%
Arbuckle gravelly loam,
channeled clay subscratum Az 16 21%
Arbuckle-Tehama complex Az 1.3 25%
Ceming gravelly loam Cwrd i’ %
Coming-Mewville grawelly Ioams,
ernded CxB2 0.8 1.0%
Coming-Redding gravelly loams CyB 0.4 S
Corting gravelly fine sandy koam Cz,-5,-X 0.6 A
Dibble silgy clay loam Dblr-E 02 %
Hillgate Joarm HgA 0.2 i
Kimball gravelly louam KoA 0 J%
Maywood fin sandy loam,
miodecately deep Md 0.3 4%
Maywood Ipam Me iy A%
Maywood Ioam, high laTace M 2 S
Nucumento Allamant complex, eroded McD2,E2 2 S
Nacumiento-MNewville complex NhIWE 11.3 15.0%
Newrville gravelly loam, eroded MR B2 K 1.1%
Newvilla pravelly loam, ersded Ny D2 12.3 I57%
Mowville gravelly loam, erxded NtEE2 15.6 20.5%
Newvilla-Drbble complex MNvILE 6.8 Ed%
Newville-Dibble complex, pullied MwD,E 4 A%
Perkins gravelly [oam Pia 3.2 43%
Perkins-Kimball gravelly lcams Pm 5 £
Red Bluff gravelly loam kg 11 1.4%
Red Blufl gravelly loam,
hardpan substrahm Eh 3 A
Redding gravelly loam EnA 3 A%
Riverarash Br g, 2%
Sehorn clay and clay loam ScDE 1] %
Tehama loam TaA 25 3.3%
Ezmora clay loam Ze 14 1.9%
e URBAN 29 8%
152 100%:

MNote: Additional information on soil mapping units, slope and capability ¢lasses can be
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Minor Soil Units

The remaining one-quarter of the basin 1 coversd with 4 varety of soi] tvpes. The mone exiensive
of rhese soil units have formed on smeam temaces or smeam-cut pediments, Ohne of these i5 the
Perkins Series, which makes up five percent of the basin, This series formed on the Lower
Riverbank Formation, The soils are nearly level and well drained. The surface soil is a brown,
slightly acid gravelly loam. The subsoil is a reddish-brown, slightly acid to medium acid gravelly
clay loam. The permeability iz moderately slow, and the available water holding capacity and
fertility 15 moderate, Runoff is slow and thers is a very low erosion hazard because of the flat

slope,

The Arbuckle pravelly loams (7 percent) are pearly level to gently sloping, well drained and
wravelly., They formed on the terraces along streams, The outcrops t2nd to be long and narmow,
The available water holding capacity is moderate. There is a low crosion hazard, except whers
streams have undercut the bank and exposed the sonl o caving,

The Coming Scrics (2.5 percent) formed on the Bed Bluff Formation. A hummoecky surface
expression is characteristic. Recause of the clay pan in the subsoil, low fertility, and lack of water
for icrigation, linle farming is done on this soil. Namral erosion hazard is moderate to low,

The Tebama Series (3.3 percent) formed on the extensive, low rermaces along the major mbutarnes
on the Upper Riverbank Formation. In Reeds Creek, the soil is mostly 2 loam that is well drsined,
has slow permeahility and moderate ferdlity. Runoff is slow and there 15 8 low erosion hazard,

The remaining 4 percent consists of numerous vnirs, each comprising less than one percent of the
basin. Thrse units occur at the slope breaks betwesn the vpland tidges and flat valley floor. No
one unit 1§ very extensive becavse of the various changes in slope, aspect and topography.
Included arc such things as riverwash, tock land, and small areas of soil types that are more
abundam elsewhere in the county.
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HYDROLOGY

The average annual precipitation in the warershed is about 21 inches, most of which falls as rein
between Ocober and April.  Extremely cold storms can bring the snow level down into the
warershed, but these dare rame cvents.

Figure 2 shows the average annual precipitation pattern for the region (Goodndge, 1966). Winter
storms generated in the Gulf of Alaska usually cross this portion of Califomia from northwest 1o
southeast. The ompgraphic effect of the Coast Range and Klamath Mountains causes the parallel
pattern of isohyets along the northwest and west side of the valley, On occasions when a strong
high pressure ridge exists along the coast, these storms are forced to the south. The resulting
storm track moves up the valley in a counterclockwise motion from the southwest and causes the
same peneral pattern of reinfall.

The maximum elevadon in the 75 square mile Reeds Creek watershed is abour 1100) feer. The
stream fows eastward and enters Lake Red Bloff on the Szcramento Biver at the maximum pool
elevadon of 253 feet. Mosi of the basin topography consists of low, rounded hills and flat ndges
between broad, flat-bottomed triburary stream valleys. The creek is an intermirtent stream and 15
typically dry from June to October.

The hypsometric curve (Figure 3) shows that halfl of the watershed is between 300 and 600 feet
elevadon, The flal ridge wps are the dissected remnants of the Red Bloff pediment surface.
Pleistocene terraces and Quaternary alluvium underlie the broad, flat wibutary stream valleys. The
rerraces form flat benches that swair-siep up in elevation away from the active stream channel.

There is a distinct difference in the gquamity of vegetation and depth of westhenng on north- and
south-facing slopes. The south-facing slopes in general have fewer mees and less brush because
of the dreying effects of the sun. Soil meisture is higher, vegetation thicker and rock weathering
deeper on north-fzcing slopes.

Bazin Shape

The basin shape influences the discharge characteristics of a watershed, A circular watershed with
# uniform slope and permeabilicy will result in mnoff from variows parts of the watershed reaching
the outlet at the same tme. An elonpated watershed with the same area but having the outlet at
one end of the major axis will cavse the runoff to be spread out over time, producing lower peak
flows ar the outlet.

The Reeds Creek basin is approximately 22 miles long and bas a maximum width of 6.7

miles. It is elongated in the cast-west direcdon. A HEC-1 analysis of the 6-hour two inch storm
for Reeds Creck shows that the Time of Concentation (TOC) for the basin is four howrs (DWER,
1987,

26



—_
e i F"__._'_,.r' lanhypwl showing mrecn .ﬁl I:"'
annaul arepEitdTian it
rches for genod 1911— 15.1""
inchux

e

Dentoye ngarecl S

Yrurze Soodmnga,

3 912

iad

drl

e B 6

T e e

19EE

‘Lf |
Lcd ”"J_il'll?li
h e
! 1
_
I‘.

Westside Iributory Wao

A
i

”'l“ 'Jhe" Study Arsa

STATE OF TaLF2AHIL
IHE RFSOURIES ALTROY
CTPARTWINT OF WATCR RESOURLES
HCATHERN MSTRICT

Sacramentoe Yal

Frosion Study
1 f kg |
eds Creek Ischyetal Map



Reeds Creek more closely mesembles hvdraulically a circular basin because the three major
tributaries, Liza, Reeds and Pine Creeks are all of approximately equal length. They join abow
four to six miles above the moucth of Reeds Creek. Because of equivalent stream lenpth, flood
perks meet 21 the same dme, and have caused seriows flooding in the lower Ave miles of sweam.

Channel Morphology

Reeds Cresk is 2 geologically young stream system that developed afier the Red Bluff pediment
formed about a half million years sgo. The pediment sucface sloped gently toward the Sacramento
River. Elevaden measurements on this surface indicates that it now slopes sbout 43 degrees
southeast toward the Sacramento River. The maximum depth of erosion ino this surface is about
250 feet. This suggests a degradarion rate of about .3 feer per thousand vears for the creek and
aboul ome-half w rwo-thirds of that for the entire watershed.

Evidence of tectonic uplift is ahundant. Terrace levels progress upward in elevanon wilh age. The
sloping surface of the Red Bluff pediment has been heavily dissected. Evidence of folding and
faulting have been reported in the valley (USGSE, 1984),

The drainage that developed on this wniform slope has a dendride (branching) patiern with the
upper part of Reeds Creck, Pine Creek, and Liza Creek converging in the lower one-thind of the
basin about five miles upstresm from the mouth. The fact that the smeam profiles (Figure 4) have
nearly the same length and gradient is probably a result of the uniform underlying geology. An
interesting observation is that the central pans of each drainage are remarkably parallel. This may
be dug to some underlying strucmee not cvident at the surface,

A well integrated drainage syscem has developed with many smeams per unit arca. Headward
ernsion has extended the drainage svstem upslope wo the smeam divides, The dramage system
consists of first order streams, which are the high pradient channels in headwater arcas. Sccond,
third and fouwrh order sweams collect and concentrate the flow. Reeds Creck is a fifth order
stream in the lower balf of its length.

bost of Reeds Creek's wibuaries are in narrow, inciscd channels that cur throogh flac bottomed
valleys for most of their lengths (Photo 6). This configuration is effective in moving bedload
through the system. The percentage of bedload in sworage in Reeds Creek is probably significantdy
lower than other wesside streams because of the efficiency of the channel during high flows.

The terraces that contain most of the gravel in the Reeds Creek basin are isolated from the active
channel by steep banks, In some reaches, such as North Fork Reeds in Burr Valley, Liza Creek,
and along parts of Pine Creek, the strcam flows in multiple channels. In other reaches, notably
downsmeam from Wilder Rosd to the mouth, the channel is alluvial.
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Human induced changes have also affecred the watershed., The operation of the Red Bluff
Diverzion Dam have caused large short-ferm chanpges in the depositdon-erosion ovele, Tand use
charges such as reduction in wees and groundcover, and soil compaction by animals, have caused
increased unoff and peak flows,

Phota 6, Most of Reeds Creek, such as here near the Hesse Road bridge, and the mibutaries,
are narrow and incised into the Quaternary Termmace deposits and the Tehama
Formaton.

Stream Discharee

Reads Creek drains an area of about 73 sguarc miles. Peak flows occur between Ociober and
April in responss to rainfall, During the surnmer months, the siream is normally dry except for
isolated low places that tap the free water table and have standing water.
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There is one active soeam gage in the Reeds Creek basin, It was installed in November, 1984
dowenasiream feom Wilder Road and 33 maineained by DWHER as part of a flood waming system, A
statistical vormelation betwesn Resds and Red Benk Cresk gages was performed to extend the
shom-rerm flow record. The Red Bank page his 19 vears of meconds, Linear megression was used
ter correlate the 1w stations berween 1986 and 1989, Had Bank records from 1984 and 1985 were
not used becawss of ingomplete data.

figare 3 is g bar graph showing the mean monthly flow data and the adjusted values based on the
Red Bank gage correladon. It shows that Reeds Creek is #n intermittent stream that generslly
besing Oowing in she late fall and continees uncl early summer. The average Mean Monthly
Drischarge measured at the Wilder Road gage on Reeds Creek is highest in February and there 13
normally no surface flow in the creek from July to October. The fve years of data gre shown by
the solid bars, The exiended record is showa by the dashed hars. The mean caleolated from these
recorded dats is probehly not very accurate because of the exremely short period of record
Hoveeever, the measured mean flow during this four-vear drought period is low when companed o
the adjusted penoed of record.

Photw 7. In places the lower part of Resds Creek is heavily encroached by Riparian
Vegetation. This is a result of low flows during the recent drought,
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A flow duraton curve was not construcied for this stream because the peniod of record 15 wo short,
Incead. a "unit hvdrograph” was made to predict the runoff from a 2-inch rainfall event of six-
howr doration.  Figure & shows the predicied hydrograph and compares it to the February 1926
storm event, Bunoff from this walershed peaks rapidly in response to rainfall. A high percentage
of the precipitation thar falls on the basin will run off Immediately as surface flow during most
rainstorms. The low base flow preceding and following storms suggest that this watershed has low
bank storgge and percolation, This basin also has a very efficient flood roudng due to the basin
shepe and incised chennel confipuranon discussed previowsly.

'The Department of Water Resources (1987} published a peak flood flow diagram for the Red Bank
pape and an estimaled cueve for Reeds Creek. The Reeds Creek curve is shown in Figure 7. The
diagram shows the expected curve for Reeds Creek based on calculated peak flow events on Red
Bank Creek. The slope of the flow exceedence curve for Reeds Creek is assumed to be similsr
brcause of the similar peology, vepetation cover and reinfall between he two basing.

Phote & The wpper part of Brickyard Creek, shown here, and Liza Creek, meander
berween the Quatemary Terrace deposits.
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YEGETATIVE COVER

Before Eurupean man sertled the Sacramento Valley, it is csdmared that about 90 percent of the
hasin was bluc oak woodland, about five percent live oak riparian woodland and five percent
erassland,  After the mid-1940s and the end of World War II, a large part was denuded and
converted 10 prassland, wrban use or dryland agriculture, Table 3 shows the present amounts of
urhan, cultivated land, grassland and oak woodland.

TABLE 3
AREAS AND PERCENTAGES OF YEGETATION TYPES
YEGETATION TYPE ACRES FEREEN;I‘_
Urbun 1670 3
Cultivared 1040 2
Grassland and Savannah 36,030 75
Clak Woodland 9,500 20
TOTAL 48,200 1005

Blue Oak W aid

The major vegetative tvpe is the Quercus douelesii or blue oak woodland. Some individual live
veke (Quercus wislizenil) and valley ouk (Quervus lobma) may be interspersed in valley argas.
Pnison pak (Rhns diversiloba) is the predominant shrub. Under natural conditions, the blue oak
woodland grades gradually into prassland where the soils, slope, and slope aspect limit tree
growch.

The original blue cak woodland probably varied in crown ur canopy cover from about 5 percent
to nearly 100 pereent, Though tree density varied, heavily wooded areas graded smoothly into
lcss dense stands, and pockets of dense groweh characteristically Followed drainage courses and
land contours. The presant distribution and density of blue oak woodland reflect the effects of
land conversion. Major areas that have been converted to grassland (Photo Y) are readily
discernible by differences in canopy density and disoibution, abrupt straight-line boundarics along
section and property lines, and other obvious anomalies.
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The present blue pak woodland stands may be sabdivided into three categones based on canopy
ilensity:

Blue Ouk Woudland (40 percent and areater tree cover), These areas are characterized
by natural or nearly natural stands of blue osk, The wees are evenly dismbuled and
undisturbed by harvesdng acdvity, This unit occurs in ahoue five percent of 1he basin.

Fhoto B, Larpe areas of the weershed has been cleursd of oaks, such as this mecent
conversion shown in this 1986 photograph.

Blue Qak Woodland (15-w-40 pereent ee cover). These areas are predominandy
mixed woodland and prassland, Treee stands are irregular and patchy; hill crowns are
commonly bare of rees, and irees are most abundant on steep slopes and in gullies and
ravines, Many places show evidence of selectve cutting.  This unit consututes 13
percent of the watershed.

Blue Osk Woodland (0-w0-15 percent tree cover). These areas are predominantly
woodland converted to grassland with very sparse stands of bine oak remaining. Some
namral savannuhs are included.
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Blue Oak Woodland Regeneration

Tehama County was first serded by Americans in 1842 with grants obisined fmom the Mexican
govermnment, The area was heavily foresied al the ime, with evergresn comfers in the mountains
of thc east and west, and pak woodlands in the rolling foothills, and a maxtore of valley oak,
sycamore, cottonwood, black walnut and other npanan vegetanon slong stmeams.  Most of the
valley woodland has been converted to row crops, orchards or urban developrment. The bluc cak
woolland of the foothills has been wsed prirnarily for grazing of livestock.

The Medirerranean climate, characierized by hot dry summers and mild wer winrers ovpifies the
valley. The precipitation in the Reeds Creek basin vares from 19 to 23 inches, Blue vak can
occupy sites which receive as linle as 10 inches of precipitation annually (Delasaux and
Pillsbury, 19877,

The blue nak community forms a nearly continnoos ring around the central valley of California,
penerdlly between 300 and 3,600 foo elevation, [l is essentiallv a pwo-layerad community. An
overstory canopy, 13-43 feet tall, is 30-80 percent closed, and blue pak, with an importance value
above 67 percent 15 dominant. Sapling and mee density combined 1s ususlly less than 80 per
acre, but dense stands can reach 4K} per acre. Tree life span is <300 year and wee girth is
modest, averaging B-12 inches diameter at breast height.

Oak wobdland generdly oceurs on moderately nch, loamy, well-dramed soils with neoteal or
slightly basic pH. Topography is often gently rolling o swep (10-30 pereent), Oak woodland
often occurs in 8 mosaic with prssland, savanna (<25 percent wee cover) and chaparral - a
mosaic that reflects differences in slope, aspect, soil depth and freguency of [re more du
differences in ¢imale (Barbour, 1986).

Except for some open prairie in Souwthern Tebarma County west of 1-3, most of the foothill srea
on both sides of the valley is covered with wondlands comprised mainly of blue oak, along with
valley pak, interinr live oak, canyon live oak and dipzer ping,  An estimated 600,000 acres of
Tehams County 15 in this hardwood-range type, 270000 acres of which are in sarmess made largely
inaccessible by rocky or stesp termain.

There is concern for the oaks in California for several measons; 1) The bardwood-rangelands
support species such s blue oak, valley oak, and Engelman oak which appesr to regenerale
pourly; 20 These lands experience a wider range of conversion pressures, and cover o much
larper arca than the hardwood-supporting conifer regions; 3) The Forest Practices Act does not
currently affect the hardwond-rangelands; 4) The Califomnia Department of Foresiry has moce
information on conifer regions than hardwood egions (Doak and Swewart, 1986).

White (1966 made a detailed stody of 94 acres of blue oak woodland in the Central Coast
Range, Monterey County. Two blue oak age groups were evident: 60- 100 yr old and 150-260
v old,  SuccessTul establishoment bad been declining for the past 90 vears and essenhally no



gstabhshment had taken place in the las 30 yeass. Esigblishment appeared to be episedic, with
the most recent flush occurring in the late 18705, The flush of esmblishment in the L3705 could
have coincided with low herbivone population oumbers and vptmal fall perminstion conditons,
followed by mild summers.

It is known that all pak ee species are capable of sprouting in California, though valley oak and
blue ouk lose the ability once they meach & cortein mass or age.

In a staewide survey of oak stands, they found the average density 1o be 61 stems per acre. Trec
cover averages 30 percent statewide (Muoick and Bartolome, 1987).

Acoms may meke up 90 percent of the diet of some California deer herds in the fall and winter.
In the valley, a majoricy of the acoms come from bloe paks.

The main commodity markets for hardwoods are firewond, pulpwood, lunber, and biomass for
energy production. The major land-based activities which affect hardwood removal and retention
are range improvement, timber stand improveinent, parcelizarion and residential expansion, and
spricultural conversion,

Range improvement through hardwood removal is an intensificadon of an esisting wse, The
relative permanence of the resulting cover change is difficulr o predict and is largely 2 funcdon
of removal 1echnigues, fulure manggement, and biological faciors.  Hardwood removal has
hiswmwically been peohibidvely expensive, prompting government assiscance. The prowth in
demand for firewond has aided in the accomplishment of desired range improve- ment objectves.
Firewood valoes have become increasingly relevant to hardwood-raneeland managers and are now
# major driving force behind many range improvement pracdces. Only the landowner knows
when range improvement 15 the pnmary objevtive, 4 secondary objecive, Or merely an gxcuse
for hardwood removal. Posidve stumpage values over and above the costs of removal and clean-
up provide an incentive to remove hardwoeods which 15 unrelated w mnges mprovement ohjectives
(Doak and Stewart, 1986).

Esdmates of oversll residential frewond conswmplion for 1981 ranged from 1.5 1o 1.9 million
cords. Based on informaton collected by Lec (19843 and Dosk and Stewart (1986), the (olal
amount of indigenous hardwoods cul for Grewood in California does not appear to excoed
160,000 cords per vear and may be less. MNative hardwoods would thercfore make up less than
M) percent of total firewood consumption in California.

While some landowners leave as much existing vegetation in place as possible, others have
converted the existing cover o plants more common to urban setings. Horse or other stock
raising on these parcels often results in severe damspe to cxistng vegetanon through over-grazing
and scil compaction. High density developments will significanily alier its character in terms of
wildlife hahitar, The Tehama (General Plan estimates that 10,169 acree of land will be needed
for residendal growth in the peried 1980-2000. Futere expansion will mostly ovcur in the oak



wodlands, especially in the lower foothills to the north and west of Red Bleff {Dosk and
Stewarr, 19860,

Large scale nak removal began in the 1940s when ranchers began pulling out osk trees with large
cTawler trmctors. The peimary objective was to increase forage throogh the complete removal of
treas and brush. Blue oak was the primary species involved., Fedemd funding for (hese caplia
intensive projects was availuble through the County Apricultural Soil Conservation and
Stabilizanon Committes (ASCS) from the mid-1940s through the lae 1960z, Techniques for
snccessful memoval were mefined gver the years. Qaks were pushed over with bulldozer blades
and cven with large anchor chains drawo by ractors.  Herhicides were used o kill mees in place.
Buming, whether in piles or broadcast, was used to reduce the amount of slash on the prouhd
Approximatcly 105,000 acres, primarily on the west side, were treated in this manner.
Resprouting of stumps was often a problem when roos were not removed. It has been estmated
that one third of the above acreage has since grown back through sprovting o densities equal or
arcater than pre-tresiment, Roughly anmher thied has pardally resproeted bur remains more open
than orginally. The only ASCS funded range improvement work since about 1970 has been in
these areas of regrowth where advisors of the orginal project failed 1o give sufficient instuctons
CONCEMIng Sproul prevantion.

The firewwmx] market has recently provided an oppormnity to accomplish mnge 1mprovemen
projects ac a profit. Severs] large frewood culing operations have been taking place in Tchama

“ounty since the late 1970s, Clearcuts of several sguare miles in size can be found in parts of
northwestern Tehama, Ofien the pomary objeclive behind these sumpage sales 1s short ferm
cash gain with range improvement remaining only & secondary objective, Yields may vary from
thres to twelve cords per acme, but eight cords 15 1ypical,

Concern over hardwood harvesting has also focused attemion on the possible expansion of the
scope of the Forest practice program. The Forest Pracdee Act defines timberlands primarily in
terma of commercial imber harvest, Untl recently, handwoods had lictle or no commereiz] value.
Consciquently, they were not explicilly addressed by the state’s act and rules. At this time, the
Board of Ferestry has chosen w adopt 2 cooperative, non-regulatory pulicy which was outlined
in the report “Policy Optons for California Hardwoeods™ (1986) deseribed in COF (1958},

About 272006} acres of oak woodland-grassland in California were converied o urban and
agricultural land between 1950 to 1980, This represents about 20 percent of the 1,361,004 acres
present in 1950 (CDF, 1988).



Bolsinger {in Bartolome, et al., 1986) determuned thar the ares occupied by hardwoods oo
rangeland (savannas and woodlands) decreased by over one million acres since 1945, Most of
this decreaze was duc to clearing for rangeland improvement, More recenty, in the
approximately 10 years prior o 1981, over 100,000 acres of blue oak and lesser amounts of other
types wert converted to non-forest,

O the 17 species of paks that ocour in Califormia, blue pak is among those of greatest concemn
because of its extent, use, and apparent lack of regeneration. Maoreover, blue oak is the primary
specics that ranchers clear from their lands to memease grazing capacity and generate income.
It is the dominant @ee in the osk woodlands sumounding the nland valleys and Coast Ranges.

Oak removal effects on livestock forage production depend on local edaphic and climatic
conditions as well as oak density. At the UL, Sierra experiment seation foothills site, tres
removg] increased forage producton, while at a southern Sicrma Foothall site, forage presduction
under oaks was higher than in adjacent grassland, The open swes of the savannah atr the
southern site on the 5an Joaguin Experimental Range coupled with light textured rambe goils
likely make the site a relatively xeric one. (ak canopy cover probably benefits forage production
by reducing transpiradon of understory forage plants thereby extending the frowing season. In
g very different woodland sitvsdon on & slightly north-facing slope al the notthern site on the
foothill range field stadon, heavier-textured soil, higher rainfall, and addidonal sunlight dus to
pak removal clearly enhanced forape production (Menke, 1987). Reeds Creck probably has
vondilions more similar to the southem site,

Forage producdon enhancement due 10 oak removal, above that of open grassland, lasts for only
approximately 15 years. Managers must realize that ook woodland conversion o open grassland
creatcs ranpeland with productivity of open grassland, but that the cobancement of production
is non sustainable for more than about 15 years, The length of the enhancement period obviously
must depend on the age of the oak stand and the sccrued standing ¢rop of nutrient in the
understory soils, Under poorer, open deciduows nak savannah condidons, the practice of 1his type
uf conversion is not justified because forape and wildlife habicar losses probably outweigh forage
enbancement values (Menke, 1987).

Arcay with low soil fertility have also been shown to have higher forage production heneath the
trees, appacently benefiding from the fertlity contributed by tallen leaves (Kay, 1987

Brush and wmee eradication on foochill range also removes the roots of woody vegetation. These
constitute @ major subsurface stabilizing element of a slope.  Conversion also amplifies the
impucts of precipitadon on the soil surface, The opportunily w avoid fumre soil loss and gully
formation problems should provide adequate incentive for retaining groups of mees on sleep
hillsides, on rock outcrups or in naweal drainage ways (Raguse, ct al., 1987).



Live Oak Riparizn Woodland

The five pak riparian woodland is rars,  Major plams include live oak (Quercus wislizeniiy,
sycemore (Plantanus racemosa), California buckeye (Aesculas californica), cottonwood (Populus
Tremonsii], and willow (Salix spp.). The predominant shrobs are poison oak and wild blackberry.
This tforest tvpe is most commenly found near the major drainage channels (Photo 107 since most
of these species have a high water requirement. Live oak ripanan woodland constiteies o small

peroent of the watershed.

Live ouk and riparian woodland occurs in nerrow cormdors along the larger

Frowo 10,
SATCALTLS.

Coen Grassland

Open grasstand genecally bas less than five percent or fewer rees but may range to as high as
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15 percent. About 75 percent of the basin iz open prassland consisting of annual and perennial
grasses and Torhs. Most of the grasslands were probably originally blue oak woodland and have
boen nearly 100 percent comwverted w0 prassland by ok harvesting or comversions. Wildlices may
have created patches Of open prassland and mixed-ape stands of blue opk, live ook and brush.
Grassland conversions constitute about 65 percent of the watershed, The curment major land uss
in these areas is seasonal grazing with some dryland farming.

Culbwvated

The areas designated as cultivaed were identified on 1958 chrough 1988 aerial photography.
Larger areas have been culdvated only periodically during the lasc 30 yesars are not included,
Alfalfa, winter wheat, vat, hay, and other formge types are the major crops gorown,  Less than wo
percent ol the watershed 15 currently cultivaed.

Lirban/Suburban

The major areas of urban and suburban development are clustered at the easiern end of e
warcrshed near the city of Red BlofT and along wributlary sueams west of the city limits. Housing
densites range from high density urban with paved smeces to 5-20 scre suburban tracts with
individual homes and pravel roads. About three pereent of (he wial basgin has bean urbanized.
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HISTORIC LAND USE

Sipnificant vegetation changes have occurred in the 3(k-vear period since the 1958 soil survey
photo base was flown. Table 4 below is a tabulation of the acreages in cach vegetation type in
1850, 1058, 1979 and 1990, Plate 3 shows the aerial distribudon of the vegetation changas.

TABLE 4
CHANGES IN HISTORIC LAND USE AREAS, IN ACRES

Vegetation Type 1850 1535 1579 1590
Urban 0 600 1,670 1,670
Orassland* 4,820 22, 11K} 27.130 7,050
Dak Woodland 43,380 25,500 15,400 0,500
Totals 48,200

* includes culdvated arcas

Most of the basin was once covered with dense stands of blue oak. Actial photos (WR black
and white, scale = 1;24,000) show that by 1058, 47 percent had been cleared and converted to
erassland, tilled or urban areas. This includes most of the area between Liza and Reeds Creeks,
the lower partion of the Brickyard Creek, and a major portion of the area berween Reeds Creek
and Ridge Road

Since 1958, abour 16000 acres of additonal woodland has becn cither thinned or clear cut and
converted to open prassland. This was done primarily to improve or increase grazing land
However, in some of these areas, slopes are too steep and soils arc too poor to justify clearing
for grazing enhancecment, Since about 1980, most of the oak harvesting is for firewood,

Today approximately B0 percent of the Recds Creck drainage is grassland, nlled or urban. We
also estiate that only 4 to 13 percent of the original virgin blue osk woodland remans,  This
means that about %0 percant of the basin has been partially or completely harvested. The wooded
areas shown on Plate 3 represent remnants of the original woodland. Where woodland has been
converted to prassland, the major land use is seasonal grazing with some dryland farming, The
Tehama County Soil Conservadan Service suggests that without the recycling of nutrients from
leaf litter, these arcas are gradually losing productivity and the ability to produce new soils
(personal communication, Mark Parson). According to a survey of range managers, nak trees
help w improve watershed conditions by conmibuting to higher infiliration rates, soil fermlity, and
increased organic maner (Jones & Stokes, 1991).
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Mirst of the historic land use change occurred in the western two-thirds of the watershed on largs
tracls of privawely owned land {Photo 11). The easwern portion of the basin has had a minor
mcredase In urkan acreage and a decrease tn culdvated acreage.

Phow 11, Open grassland constiteies about 77 percent of the watershed,

The enrire Reeds Creek wrtershed 15 prvately owned and managed. At the urn of the cenry,
the area was used extensively to graze large herds of sheep and cattle. Large acreages in the
villey bottoms and low foothills were also cultivated for winter wheat, The land use has changed
throngh time in response to economic pressures. Today, it can be roughly divided into two land
uscs besed on the subdivision lot densities, The western two-thirds of the basin i in large land
awnership parcels of 80 acres or more. These areas are mianaged as ranches. In most cases, the
aredas consist of rolling oak and grasslands and are wsed for seasonal hvestock grazing, mosily
Ciile,
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The hatched acea on the east side of the watershed is sebdivided inw parcels of less than 80 acres
with individually owned Iows in rural or urban settings. Bevond the Red Bluff City limits, these
areas are being convered into suburban residendal lows. At present they are interspersed with
larger oak woodland and grassland acreages. There is sone cultivation on the terraces in the flat
stresm valleys, The overall land use 15 highly vansble depending upon the land owner. Some
smmall acreape owners graze caule, horses, and less often goats and hops, Other parcels have been
left largely natural with only an access road and one residential home on 2- w0 40-acme lots.

The City of Eed Bluff urban zrea lics at che eastern end of the warershed where high lot densities
and paved streets predominare. The riparian coridors of Brickyard and Reeds Creek cut through
the developed amea. There 15 a partial leves system along the lower reach of Reeds Creek w help
protect the urhan area from overbank flooding during high runoff.
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STREAM CHANNEL CHANGES

In June 1986, DWER surveved seven bridge cross-scctions and compared them to Tehamae County
Eowd Depariment bridge "as-builis” to docwnent historic channel changes, Figune 8 shows the
locadons of the sccdons in the watershed. Five of the seclions are on the main stream, onc s
on & major wibutary (Fine Cregk), and the other is on a minar wibutary (Brush Creek). All the
giream bed cross-gectons arc in the Tehama Formatdon.

The bridee sectons seggest that only minor channel degradation has occurred at most of the
sections. The large chanpes in the lower part of Reeds Creek are causad by the oparaton of the
Red Bluff Diversion Dam. The sections are discusscd in more detail below,

The Johnson Road Bridge on Reeds Creek is in Secdon 32, T27N, BSW about 10 miles west of
Red Blull, When this bridge was built in 1919, the aversge channg] elevation was 34.7 feet,
local datum, In 1986, the average channel elevadon was 32.7. This two feet dechne over 67
years suggests that the aversge annual degradation rate is 0003 1fyr at this sie.

The Hesse Foad bridee 15 in Secuon 4, T26M, R3W. The present channel 1s cut ntoe Tebarna
Formation and has steep, non-vegetated sides and # relatively flat boliom gverlain with a thin
deposit of alluvial gravel, Between 1971 and 1986 the average channel clevation degraded 1.1
feer (0.07 ftfyr). Based on the present conditions, 1L appears that the channel has been eroding
cvenly dt this site.

The Wilder Road bridee is on Reeds Creek about 2.5 miles above the streams conlluence with
the Sacramentn River. This bridge site 1s in a fairly stmight section of creck. It is bordered by
low fluvial terraces and has & bed ol thin, alluvial sand and pravel. The channel 15 shehdy wider
upstream and downstream from the brdge site, The bodge abulments do not appear o present
a major constriction to the stream Mow. When this bridge was built in 1948, the average channel
elevalion was 342 feet. By 1986, it bad degraded 3 feet 1o 339 teer elevadon, This 3 feet
decline over 38 years suggests an averuge annpal degradation rate of 008 fofyr at this bridge site.

The South Jackson Streer Bridpe crosscs Recds Creek in the wrban area of Hed Bluff, Much of
the weerace area that borders the stream channel has been subdivided and developed. The narrow,
siraight channel section that remains bas an alluvial bed and vegetated sand and gravel channel
sides. Since 1965, the average stream channel elevation has incressed from 2345 feat ta 237
feer, an avermpe aggradation of H1.12 ftvt over the period of tecord.

The aggradation at south Jacksen Smect and below this peint was investigated in 1986 ax pun
of & flood study (DWR, 1987). Figure 9 shows a profile of the lower 3200 feet of channel,
About 4 feet of aggradation is evident between (be construction of the Red Bluff Diversion Dam
in 1967 and 1986, for a wial of about 36,000 cubic vards of sediment. Major scormflows 1n
March 1943 and February 1986 conmibuted the majority of this sediment. The UL 5, Bureaw of
Reclamation dredged the mouth of Reeds Creck severs] imes 10 remove accumulared sediment.
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Since 1986, the dam has been opened during the winier months and the accumulated sediments
are bewinning to scowr out of the reach, The major finding of the study s that the sgeradaton
was cansed in part by the backwater effect of the Red Bloff Diversion Dam.

The Reeds Creek channel section at Main Smeet is within the normal pool elevaton influence
of the Red Bluff Diversion Dam (253 feet). The divemion dam was [irst closed in 1968, The
gates were used to maintain the normal pool elevation except when flows exceeded 55,000 cubic
feet per second. Beginning in 1986 the gates were continuously open during the winter months.
Sedimentation in the lower reach of Reeds Creek is highly influenced by the dynamic hydrologic
conditions in this backwater arca.

The record of channel elevation changes since the bridpe was consmucted in 1926 shows a net
inetease of nine feer  Although this suggest an average annual aggradation rate of HL12 fifvr,
the infilling has been episodic. Aggradation occurred between the 1926-1954 survey; degradation
veeurredd betwesn 1954 and 1965 surveys: aggradation occurmed between 1965 and 1986

In March 1990, DWER m-surveyed founeen cross-sections established during the 1987 Reeds
Creck Flood Study. The locations are shown cn Figure 9 and the cross-sectons in Figures 10
to 16. They show that, since the dam began opening its gates during the winter Tunoff, approx-
imately 35,000 cubic yards of gravel have been fMushed out of this secdion. This is discussed
further in the Sedimentation secton. About seven feet of scour is evident at the mouth but this
decreases upstream. The highest upstream cross-secton surveyed ag South Jackson Street shows
no change in the profile since 1986,
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TLURBIDITY

Turbidity is an optical property atributable to suspended and colloddsl marter, which disturbs
water clarity and reduces the penetradon of ight, High and persistent mrbidities are indicators
of unstable or erodible geologic units, pour land use practices, or both. High torbidites can be
uscd to locate problem areas in the wateeshed. 3ilt, clay, finely divided organic marter, and algas
are causes of wrndity, Most of the turbidity occurs doring high flows in winter months, The
nising part of the storm hydrograph is generally more turbid than the same magnitude receding
flow.

Sampling Program

TInt the early part of 1986, DWR made scven turbidity sampling runs in the Resds Cresk basin,
Esch run consisted of collectong about 20 warter samples at selecied stations of the watcrshed
during the rising and falling swages owver a three-hour period.  Samples were collected 2t each
Incaton shown om TFigure 17.

Turkadity samples were collecizd &t vanous fimes durng a particular storm sequence. Some wers
collected during the dsing limb of the storm hydrogeaph, some during the receding limb, and
sorne afler the storm, Samples wers stored in plastic bottles and analyzed in the laboratory using
& Hach Laboratory Model 21004 terebidimener,  The wrbidimeter messures in Nephelometer
Turkidity Units (NTUs), with 10 NTUs the maximum allowable for drinking water and 30 NTUs
the lirmdt of fishability,

Sampling Results & Analysis

Ohr urbadity samphng has shown that wrbudity within the basin increcases In responsc to specific
land uzes. [n 1986, concentrated cawle feeding in g portion of the Pine Creek sub-basin produced
runolt with rbidity readings i excess of 2,000 NTUs, Brickyard Creek his produced turbidites
in excess of 2300 NTUs. This may be in response 1o the intense Oft-eoad recreational vehicles
{OBV) usc near the County landfill and urban development within the sub-basin.

Of the seven mrbidity mins made during the early months of 1986, the highest recorded ebidity
i the walgrshed was 2,320 NTUs near the mouth of Bockvard Creek on February 2, 1986,
Figure 17 shows the sampling results. The mouth of Reeds Creek (T'1) had the highest average
turbidity of all the swauons, Liza Creek (TLO) was second; 1t was penerally higher than Reeds
Creek above its confluence, and other mibutaries. A small mibutary of Lize Creek, herein called
Cracns Creck (T15), had the highest overall mrbidity on two of the scven sampling runs.
Chvemall, 8 small mibutary we pamed the Sooth Fork Lize Creek had the lowest mecorded
arbiditics.



In general, the measured mrbidity increases downsieam excep: when influenced by loval cloud
bursts, Except for the samples from Janvary 31, 1986, this wend 15 obvious. On that date s
cloud burst occurred in the opper watershed, but the flow had not meached the lower sampling
sites.

Some of the lowest recorded turbulities occurred in the upper parts of the drunage system. This
includes a small mbutary in the upper watershed of Reeds Creek, South Fork Liza Creek (T11),
upper Reeds Creek (114), Brush Creck (T7), and upper Liza Creck. Owcrall, South Fork Lizs
Creek had the lowest turbidides.



STATIONS LOCATION 1/31/86 2/2/86 2/3/86 2/14 /86 2,16 /86
Tq REEDS CREEK @ MAIN ST. BRIDGE 185 2160 860 870 411
T—2 BRICKYARD CREEK @ WALNUT ST. 228 2320 310 378/385 135
T3 BRICKYARD CREEK @ BAKER RD. 132 1910 315 400/410 130
Tod N.F, BRICKYARD CREEK ® STOLL RD. 485 N.R. 156 465/463 87
Tl REECS CREEK @ WILDER ROD. 790 1240 730 660 387
16 PINE CREEK @ REEDS CREEK RD. 430 N.R. 345 415 130
T3 BRUSH CREEK ® REEDS CREEK RD. 210 880 325 365 a6
T-8 LIVE OAK CREEK ® WILLARD RD. 700 570 260 620 80
Tog REEDS CREEK @ WILLARD RD. 1380 N.R. 640 840/856 350
T-10 LIZA CREEK @ REEDS CREEK RD: 1540 740 880 795 285
T4 SF. LIZA CREEK @ REEDS CREEK RD. 320 365 470 210/212 52
T=12 LIZA CREEK ® BRIDGE CROSSING 1260 7 435 N.R. 192
T=1 PINE CREEK @ PINE CREEK RD. 430 390 MR, N.R. N.R.
T-14 M.F. REEDS CREEK ® JOHNSON RD. 750 N.R. 430 326 128
T_15 OWENS CREEK @ REEDS CREEK RD. 830 N.R. 390 2000 174
T-16 REEDS CREEK ® HESS RD. 620 M.R. 118 544 146
T=17 LIZA CREEK @ OWENS RD. 840 M.R. N.R. 776 154
et REEDS CREEK @ MASTEN RO 300 108 72 304 &7
T=4a LIZA CREEK ® REEDS CREEK RD. BELOW MASTEN RD. 212 MR 83 SH4 g1
T-20 UZA CREEK @ MASTEN RD. N.R. N.R. N.R. 336 52

Figure 1’
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EROSION AND INSTABILITY

The werm "accelerated crosion” means loss of soil at rares greater than geologic rates due to
human actvites. The most common cause of accelerted erosion in this watershed is vegetative
cover damage tesulting from livestock grazing, Other contributors to accelerated erosion include
culdvation, wildfires, pak harvesting, urbanization, and roads. Aldl of these factors have histori-
cally impacted the vegetative cover in the Reeds Creek watershed and overlap to form the
pattems sccn today.

A sudy by the Soil Conservation Service (SCS, 1979 quantified non-point sources of erosion
and scdimentaton in the adjacent Red Bank Creek basin. The study showed that sheet and nill
erosion i3 he dominant form of sediment production. The rates developed from the Universal
Soil Loss Equation (USLE)} and monitored points are directly applicable to the Resds Creek
watershed, Shest and rill erosion produces 360 tons/square mile/year from this type of soil under
the samc type of local climate, slope and aspect in the Red Bank Crexk dramage. Total sediment
vield was 750 wons/square milefyear.

Flowever, land use may be more intense in the Reeds Creek drainage. The deforested land that
covers 20 percent of the basin probably bas higher raindrop intensides than adjacent oak
wodland.  This lack of cover results in more sediment in suspension per acre, As gullies
develop inte incised sweams and work their way beadward, the flow efficiency of the runoff is
incTeased, This mowves water at higher velocity into the sweam channel system that drainsg the
zrea, resuling in higher and more pronounced peaks.

Tha o main slope processes sctive 10 the basin are sheet and nll erosion and beadwand erosion
along st onder sweearms.  Steep, non-vegetated sream banks and gullies ocour throughout the
watershed (phoro 12). However, many of the gullies show evidence of having been more active
in the past. Naroral infilling, smoothing of the interior slopes and reestablishment of vegetation
sugpests that some of the gullies have been pactially smabilized following a penied of intense
culivation or overgrazing. Ocher gullies arc active with bare, nilled head and side slopes.
Motable sxamples of actively erpding, rilled slopes occur in the Brickysrd Creck drainage and
along one linear valley in Scedon 15 (see Plate 4) between Pine Creek and Liza Creek. Somea
of these areas occur in he vicinity of heavy off road vehicle use or adjacent o private toads
along ndge 10ps.

Another major sediment source found during this investgation is the unvegerated smeam side
slopes and channels. These slopes wnd to dry ravel dumng the summmer and develop an
sccumulation of material near their bases by fell. The first runoff of the year mobilizes this
matcrial and causes a highly, mrbid "flush™ of the system. Subsequent storms will move material
intn the channel by sheet and eill erosion on the l2ss sweep slopes. On near verdesl slopes,
marerial i3 mowved to the channel by block failums along juint planes,
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Crully formation is generally increased in areas thar are cultvated, overgmazed
or convermed from vak woodland,

Pine Creek has many first onder streams feeding the main irunk and the majorite of the 30-30
percent slopes within the Reeds Creck basing These two factors result in the highest sediment
Jamng capucity of all the riholaries.

|andsides are nota big source of sediment vicld in this basin, The low perceniage of landslides
<aEmeaty thar slope inslabilivy is rare and seasonal (phowe 13).

“lear of the landslides cxamined from the road sppedr w be cacth flews o shallow slumps. [n
some vases they have been aggravared by muldple lvestock rails that parellel the slope, A
rvpical landslide shape is linear. 130 feet long by 30 feet wide wath wregular, hummocky
inpegraphy. Mose landshides cecur at mid-slope and often do oot reach all the way 10 the hase
ofthe slope. This ovpe of slope failure represents 3 minor sediment source wilhin the watershed.
One large ared of multple shides oveurs along the nonh side ol Beickyard Creek (see Mame 4,
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Road mainznance conmibutes o ernsion dusing annual cleaning of drainage ditches. [n cases
whet the gut siope 13 unstable, the grader work may acroally uedercue the toe support for the
looe and aggravame the continued slippage o raveling af the unvewstatad cur slopes along roads,

I: .
e i v 5

Moeto 12 Landshdes ocour in lecalized sreas in the upper watershed. Tree removal
noreases the lxelibood of landsliding Decause of loss of roor seppor.



SEDIMENTATION

Several reports have deall with sediment yields [rom wesiside streams. The Ul 5. Geologicsl
Survey (1972) esdmared the vicld from Red Bank Creek to be 300+ tons per squars mile. Using
the same yicld for Reeds Cresk produces a 1otal of 22,500 wons per year for the basin. The
average pereent of bedload i3 abowt 6 percent of 1he otal load, or 1350 tons per year.

In 1979, the U.5. Department of Agriculture cstimared that Red Bank Creek produced 723 wons
per square mile per year. Using the same figure for Reeds Creck would yield sbout 54,0{0 tons
of 1otal lpad for the basin, Six percent of that would be abowl 3300 wons.

DWE (1984} calculated the bedload using the Myer-Perer and Muller eguation based on a
comparison with Red Bank Creek. The results indicate that 2,208 1ons per vear of one-half inch
and larger gravel, and 16,(KK) tons of bedload, are produced cach wcar,

A mough bedload estimarte can be caleulsted from the Departmem’s 1987 report. The Red Bluff
Diversion Diam was closed in (967, Between 1947 and 1986, Reed's Creek aperadsd because
of buckwater effects. The deposition is a conservative esdmate of the amount of bedload. The
esdmatc 1s made using invert profiles, average cross-sectional widths and the number of vears
between surveys. These calculations vield & yearly averape of abom 430K cubic yards becween
1967 and 1986, This estimare is Iow hecavze some of the finer bedload did not deposit i the
reach, The long-teem sediment yield may also be different because of changing watershed and
hydrologic condidons.

The Reeds Creck channel section at Main Sirzel i5 within the normal pool elevation influence
of the Red Bluff Diversion Dam (233 feet). The diversion dam was Grst ¢losed in 1967 The
wales were used o maintain the normal peol elevation except when flows exceeded 53,000 cubic
fret per second, Beginning in 1986, the pares were condnuously wpen from Ocober o March.
Sedimentation in the lower meach of Besds Creek is highly influenced by the dynamic conditions
in this backwater ared.

In March 199, fourteen cross-sections cstablished during the 1987 Reeds Creak Flood Study
were re-surveved. They show that, since the dam hegan opening its gawes duning the winler,
approximately 35,000 cu yards of gravel has been flushed out of this section. The effect on the
channe] thalweg is shown in Figure % and phowgraphs & and 7. About seven feet of scour is
evident at the mouth but this decrcases upsoeam. The highest upsiream cross-scction surveyed
at South Jackson Street shows no change in the profile since 1986,

|
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DWR estimated the long-term peologic erosion by measuring the total amount of erosion
gepurting since the formadon of the Red Bloff pediment 450,000 vears age. This caleulation
vields ghowt 25,(KK) tons/per vear. Assuming that the age of the Red Bluff pediment is fairly
accurdee, this would indicate that present ernsion rates are from 1.3 10 2 times the geologic rates.
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Quaterrnary Alluviurm

:Upper Modesto Formation
kLower Modesto Formation
Upper Riverbank Formation
Lower Riverbank Formation

. Red Bluff Formation

te:  Geoclogic mopping was modified

from the U.S. Geological Survey (1984)

—~ Study Area -~

Red Bank
Cl=20 feet
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PLATE 2

AcD

AVA

NeD2
NcE2
NhD
NhE
NrB
NrB2
NrD
NrD2
NrE
NrE2
NvD
NvE
NwD
NwE

LEGEND

Soil Mapping Unit

Altamont clay, terrace

Anita clay, moderately deep

Arbuckie gravelly fine sandy loam

Arbuckle gravelly loam

Arbuckle gravelly loam

Arbuckle gravelly loam

Arbuckle grovelly loam, channeled ciay substratum
Arbuckie-Tehama complex

Corning gravelly loam

Corning—Newville gravelly loams, eroded
Corning—Redding gravelly loams
Cortina gravelly fine sandy loam
Cortina very graveliy fine sandy loom
Cortina complex

Cibble silty clay leam
Dibble siity clay loam
Oibble—~Newviile complex

Hillgate loam
Kimball graveliy leam

Maywood fine sandy ioam, moderately deep
Maywood loam
Maywood loam, high terrace

Nacimiento Altamont compiex, eroded
Nacimiento Altamont complex, eroded
Nacirmiento—Newville complex
Nacimiento—Newville complex

Newville gravelly toam

Newville gravelly loam, eroded
Newville gravelly loam

Newville gravelly loam, eroded
Newvilie gravelly loam

Newville gravelly loam, eroded
Newville—Dibble complex
Newville—Dibble complex
Newville—Dibble complex, gullied
Newville—Dibble complex, gullied

Slope
10--30%

0-3%
0-3%
3-8%

0~3%

4-3%
3-10%
0-5%

10~-30%
30-50%

3-10%

3-10%
10-30%
10-30%
30-50%
30-50%
10--30%
30-50%
10-307%
30-~50%

Capability

We-5

Mw-—-5
s—4
s—4
s—4
Ile—4

Is~3
IIs—-3,4

Ws-3
We-3
IVe—-3,IVs—8
IWs—4
IVs—4
Viw-1

We-3

Vie—3

Vie~3

Vie-3

Vie--3
We-5,Vle-2
Vie—3,IVe--5
Vle-3,IVe-5
Vle—-3,5

Soii Mapping Unit Siope  Capability
PKA Perkins gravelly loam Os--4
Pm Perkins—Kimbail graveliy loams Is—4 1ls-3
Red Biuff graveily ioam 0-3% IIs--¢
Red Biuff groveliy ioam, hardpan substratum 0-3% IIfs—98
Redding grovelly loam % Ws—-8
Riverwash 0—3% VIllw—4
Scb Sehorn ctay and clay loam 10~-30% We--5
Sck Sehorn clay and clay foam 30~50% Vie-5
TaA Tehama loam 0-3% Is-3
Zc Zamora clay loam 0-3% I-1

~— TN Soils unit boundary

Note: Mapping is from Dept of Agricuiture~SCS, 1867. Additional information on
soil mapping units, siope classes and capability can be found in their report.

.S. Geologicol Survey 7.5 topographic maps

in Reeds Creek watershed showing contour inlerval (C..)

TRed Biuff West | Red Biuff East
Cl=10 feet ICL=10 feet

e
WATERSHED '\\>

\
A

Oxbow Bridge : Biossom

20 feat

+
Red Bank 7| West of Gerber|
C.1.=20 feet Cl=10 feet

INDEX MAP
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|
|
|
|
|
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e NeD2 f

Location Map
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PLATE 4
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Erosios-Hazard Ratings .
}_"Vriﬁ LOW — Erosion resistant soils on gentle stopes.  Includes soils on the Red Bluff Fémation
| L and on Quaternary Terrace Deposits. Erosion does sceur aiong streambanks and quilies,
} typicaily by undercutting banks. Inciudes the rocky soils on the Great Valley Sequence and
R Nomiaki Tuff.
T MODERATE - Moderately sloping upland areas of the Tehama Formation with some ril and
, M gully erosion. e Study Area
[E— - STATE OF CALIFORNIA
THE RESOU
‘[ 777777777 ] HIGH — Rilled ond gultied areas of the Tehama Formation. The soil typicaily contdins iess N rit' ft‘)O:/RCEVS, ACENGY
CH ciay than surrounding areas. DEPARTMENT OF WATER RESOURCES
L,,, o] NORTHERN DISTRICT
fw i UNSTABLE AREAS — Areas with recent landslides, mostly debris slides and earthfiows.
| Y Sacramento Valley
T Location Ma : H
vap Westside Tributary Watersheds

NOTE - Map is generalized based on geologic and soils mapping, aerial photo interpretation : H

and observations of road fallures and stream turbidity. Site—specific hazards must be ! ErOSIOﬂ StUdy

evaluated with independent geotechnical investigations. L

Reeds Creek Erosion Hazard

INDEX MAP
""" Hozard Boundary Contact

October 1991
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Legend
R U.S. Geological Survey 7.5 topographic rnaps
Land Conversion Units in Reeds Creek watershed showing contour interval (C.1.)
[Oxbow Bridge | Blossom Red BIuff West | Red Bluff Eas
1B;RG Conversion unit—shows date of aerial photegraphy on which Cl1.=20 feet _QQZ/Q??(/\ C.l=10 feet [C1=10 feet
P i conversion unit- first appeared and type of conversion. - —
G = Ock Woodland to Grass, Agriculture or Savannah # ~ g STATE OF GALIFORNIA
U = Cok Woodland to Urban / REEDS CREEK WATERSHED | r\\‘\ - T
- REEUS CREEK WATERSHE Nl - THE RESOURCES AGENCY
- d 5 S o seg o g — ,
_Virgin Lands "N N\ DEPARTMENT OF WATER RESOURCES
- A ) : o
w7 Virai 1 diand tai lecti 4 =y 2 ~ 1 NORTHERN DISTRICT
V irgin cak woo: an ~may contain selec ve cuts Red Bank 7| West of Gerber|
that cannot be identified by aerial photography. C.L.=20 fest Ci.=10 feet
T~ Approximate boundary between land conversion units. 1 Sacramento Va“ey
Location Ma H H
P Westside Tributary Watersheds
Note: 1) Vegetation date interpreted from aerial photos. H
Boundaries are approximate. ; Eros'°n StUdy
2) Aerial photos were flown in 1958, 1979, 1988 and 1990, Reeds Creek Land Convers'on
INDEX MAP
October 1991
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